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Alphaherpesvirus infection of the mammalian nervous system is dependent upon the long-distance intra-
cellular transport of viral particles in axons. How viral particles are effectively trafficked in axons to either
sensory ganglia following initial infection or back out to peripheral sites of innervation following reactivation
remains unknown. The mechanism of axonal transport has, in part, been obscured by contradictory findings
regarding whether capsids are transported in axons in the absence of membrane components or as enveloped
virions. By imaging actively translocated viral structural components in living peripheral neurons, we dem-
onstrate that herpesviruses use two distinct pathways to move in axons. Following entry into cells, exposure of
the capsid to the cytosol resulted in efficient retrograde transport to the neuronal cell body. In contrast,
progeny virus particles moved in the anterograde direction following acquisition of virion envelope proteins
and membrane lipids. Retrograde transport was effectively shut down in this membrane-bound state, allowing
for efficient delivery of progeny viral particles to the distal axon. Notably, progeny viral particles that lacked
a membrane were misdirected back to the cell body. These findings show that cytosolic capsids are trafficked
to the neuronal cell body and that viral egress in axons occurs after capsids are enshrouded in a membrane
envelope.

Herpesvirus infection of the nervous system begins when
viral particles enter nerve endings and move intra-axonally to
cell bodies resident in ganglia of the peripheral nervous sys-
tem. This process is referred to as retrograde transport and is
essential for the establishment of the life-long latency charac-
teristic of these viruses. Reactivation from latency is followed
by anterograde transport of progeny viral particles from gan-
glia to innervated tissues at exposed body surfaces. Both forms
of axonal trafficking occur along microtubules, but investiga-
tions of the underlying transport and targeting mechanisms are
hampered by a poor understanding of the assembly state of
actively transporting viral particles (6, 15).

Herpesvirus virions enter nerve endings by membrane fusion
and subsequent transport to neuronal cell bodies in a partially
disassembled state that lacks a membrane and a subset of
tegument proteins (11–13, 23). While at this initial stage of
infection the structural elements of the viral particle are rea-
sonably well defined, the nature of the egressing viral particle
is controversial. A number of studies have produced opposing
findings regarding whether herpesviruses acquire a membrane
envelope prior to the onset of anterograde transport to the
distal axon (2, 5, 7, 8, 13, 15–17, 26). The presence of an
envelope would indicate that the virus particle has matured
into a fully assembled infectious virion, which has important
implications for how disease is disseminated within an infected
host. At the cellular level, a vesicular secretory pathway could
deliver fully assembled virions to the distal axon, whereas viral
proteins associated with capsids directly in the cytosol would

be implicated as effectors of the anterograde transport mech-
anism if envelopment occurred posttransport.

Previous investigations of herpesvirus envelopment and ax-
onal transport have been limited to static imaging of fixed cells.
Using time-lapse fluorescence imaging of living primary neu-
rons, we demonstrate that capsids are enveloped during trans-
port to axon terminals and provide evidence that envelopment
is a prerequisite for this anterograde targeting.

MATERIALS AND METHODS

Virus and cells. Pig kidney epithelial cells (PK15) were used for propagation
of viral stocks. Single-step growth curve analysis was used to determine viral rates
of propagation, and viral titers were measured by plaque assay as previously
described (21). Titers for all recombinant viruses described in this report were
equivalent to that of wild-type pseudorabies virus (PRV; �1 � 108 PFU/ml).
Dissociated neurons from embryonic chick dorsal root ganglia (DRG) and sym-
pathetic neurons were cultured as previously described for DRG (22). Dissoci-
ated neurons were seeded on poly(DL-ornithine), and DRG explants were grown
on poly(DL-ornithine) and laminin (20, 22). Neurons were cultured for 2 to 3 days
before viral infection.

Construction of recombinant virus. All recombinant viruses were derived from
the pBecker3 infectious clone (21). PRV-GS847 is a monofluorescent virus that
encodes monomeric red fluorescent protein 1 (mRFP1) fused to the N terminus
of the VP26 capsid protein and was previously described (23). PRV-GS847 is
referred to as the “RFP-cap” virus throughout this report (Table 1). PRV-
GS1236 is a dual-fluorescent virus encoding mRFP1-VP26 and green fluorescent
protein (GFP) fused to the C terminus of the gD glycoprotein. PRV-GS1236 was
made by recombining a PCR product encoding gfp and a FLP recombination
target-flanked kanamycin resistance gene into the 3� end of the US6 open
reading frame (ORF; encodes the gD membrane protein) of pGS847 (the infec-
tious clone encoding PRV-GS847). Recombination was directed by sequences
provided in the PCR primers, which resulted in an in-frame fusion of the entire
US6 coding sequence to gfp. The PCR primers were 5�-TCCCGCGGACACCG
ACGAGCTAAAAGCGCAGCCCGGTCCGGTGAGCAAGGGCGAGG and
5�-CGCGCCACCATCATCATCGACGCCGGTACTGCGGAGGCTATGAA
CCGCCCGAGAAGTTCC (PRV homologies are underlined). FLP recombi-
nase was subsequently expressed to remove the kanamycin cassette, resulting in
pGS1236, which encodes a single noncoding FLP recombination target site
immediately downstream of the US6-gfp ORF. Recombination was performed in
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the EL250 strain of Escherichia coli (9). The pGS1236 infectious clone was
transfected into PK15 cells and harvested as previously described (11). The
resulting virus, PRV-GS1236, is referred to as the “RFP-cap/GFP-env” virus
throughout this report (Table 1). PRV-GS1363 is a monofluorescent virus en-
coding gD-GFP, and PRV-GS1364 is a dual-fluorescent virus encoding gD-GFP
and mRFP1-VP1/2. Both were made by recombining gfp into the 3�-US6 ORF of
either pBecker3 or pGS962 by the methods described above. Both pBecker3 and
pGS962 were previously described (11, 19). PRV-GS1363 is referred to as the
“GFP-env” virus, and PRV-GS1364 is referred to as the “RFP-teg/GFP-env”
virus throughout this report (Table 1).

Virus purification and Western blot analysis. PK15 cells grown to 80 to 100%
confluence in two 850-cm2 roller bottles (Corning) were infected with RFP-cap/
GFP-env virus at a multiplicity of infection of 3. Viral particles were purified
from the supernatants of infected cells at 20 h postinfection (hpi) as follows.
Supernatants were cleared of cell debris by two sequential rounds of centrifu-
gation at 4,500 rpm for 30 min at 4°C. Extracellular viral particles were pelleted
from the cleared supernatant by centrifugation at 13,000 rpm in a Beckman
SW28 rotor for 30 min at 4°C. The resulting pellet was resuspended in 100 �l of
TNE buffer (150 mM NaCl, 50 mM Tris [pH 7. 4], 10 mM EDTA), and viral
particles were dispersed by two 1-s pulses of sonication in a Cuphorn ultrasonic
processor (VCX-500; Sonics and Materials, Newtown, CT). The sample was
loaded onto a 12 to 32% dextran gradient and centrifuged at 20,000 rpm for 1 h
at 4°C. The heavy viral band was collected and spun at 25,000 rpm in a Beckman
SW50.1 rotor at 4°C for 30 min. The final pellet was resuspended in 200 �l of
TNE buffer.

Purified virions were combined with an equal volume of 2� final sample buffer
(10 ml 625 mM Tris pH 6. 8, 10 ml glycerol, 10 mg bromophenol blue, 20 ml 10%
sodium dodecyl sulfate, 50 �l �-mercaptoethanol) and boiled for 3 min. Ten
microliters of sample was separated on a 7.5% sodium dodecyl sulfate-poly-
acrylamide gel and then transferred to a Hybond ECL membrane (Amersham
Pharmacia). Protein was detected by incubating the membrane with primary
guinea pig anti-GFP antibody (Dane Chetkovich) at a 1:2,000 dilution followed
by incubation with horseradish peroxidase-conjugated secondary goat anti-
guinea pig antibody (Jackson ImmunoResearch) at a 1:10,000 dilution. A lumi-
nol-coumeric acid-H2O2 chemiluminescence solution was used to detect horse-
radish peroxidase, and exposed film was digitized with an EDAS 290
documentation system (Kodak).

Fluorescence microscopy. All images were captured with an inverted wide-
field Nikon Eclipse TE2000-U microscope equipped with automated fluores-
cence filter wheels (Sutter Instruments, Novato, CA) and a Cascade:650 camera
(Photometrics, Roper Scientific). The microscope was housed in a 37°C envi-
ronmental box (Life Imaging Services, Reinach, Switzerland). All images were
acquired and processed using the Metamorph software package (Molecular
Devices, Downington, PA). Static images of fluorescence emissions detected on
the coverslip in areas near infected cells were captured at 48 to 72 h posttrans-
fection, as previously described (11). Transfection was done as opposed to
infection to ensure that the fluorescent signals detected were the result of de
novo-synthesized proteins and not input viral inoculum.

Living primary sensory or sympathetic neurons were imaged in sealed cham-
bers as previously described (22). Viral transport in axons toward the cell body
was imaged in infected DRG explants up to 1 hpi. Transport to axon terminals
(egress) was imaged in infected disassociated DRG neurons at 10 to 15 hpi or
disassociated sympathetic neurons at 24 to 26 hpi. Time-lapse imaging of mRFP1
and GFP emissions was achieved by automated sequential capture with 50-ms
exposure times for each channel. All images were acquired using a 60� 1.4
numerical aperture oil objective.

In some experiments, anterograde transporting vesicles were labeled by incu-
bating cultured disassociated DRG neurons for 2 h with 1 ml of DiOC16 li-
pophilic dye (Molecular Probes) diluted 1:500. Labeled neurons were incubated
at 37°C for an additional 1. 5 days, infected with RFP-cap virus, and imaged at
12 hpi as described above.

RESULTS

Isolation and characterization of fluorescent viruses. Extra-
cellular herpesvirus virions are enveloped by a membrane
which surrounds the capsid core and a collection of proteins
referred to as the tegument. Capsids acquire the envelope
during egress from infected cells by budding from the cytosol
into compartments of the secretory pathway (reviewed in ref-
erence 14). To study viral envelopment and membrane traf-
ficking in axons of primary neurons, we inserted the coding
sequence for GFP into several herpesvirus genes encoding
transmembrane proteins. The majority of resulting viruses had
defects in propagation or expressed very low levels of green
fluorescence (data not shown). These fusions included GFP-
gC, gC-GFP, GFP-gD, gE-GFP, gI-GFP, gL-GFP, and gM-
GFP. However, a virus encoding a gD-GFP fusion (referred to
here as the “GFP-env” virus) propagated in cultured cells with
wild-type kinetics (Fig. 1). A dual-fluorescent derivative of the
GFP-env virus, carrying a previously described mRFP1 fusion
to a capsid protein and referred to here as the “RFP-cap/GFP-
env” virus also propagated with wild-type kinetics (23). The
fluorescent viruses are outlined in Table 1. gD is a type I
trans-membrane protein that is required for viral entry into
cells (10, 18, 24). The wild-type propagation kinetics observed
with these viruses indicated that gD function was not affected
by the presence of GFP.

To ensure that the fusion of GFP to the cytoplasmic tail of
gD did not interfere with the incorporation of the protein into
mature viral particles, extracellular virions of the RFP-cap/
GFP-env virus were purified and the presence of the gD-GFP
fusion protein was examined by Western blotting. A single
band was detected that had the expected molecular mass of the
fusion protein (Fig. 2A). To further confirm the presence of

FIG. 1. Fluorescent viruses propagate with wild-type kinetics. Re-
sults from a single-step growth assay of three recombinant viruses
(RFP-cap, GFP-env, and RFP-cap/GFP-env) are shown. Adherent
cells and media were harvested separately at the indicated times, and
titers were quantitated by plaque assay. The RFP-cap virus was previ-
ously shown to propagate at rates equal to wild-type PRV (11).

TABLE 1. Fluorescent viruses

PRV strain Capsid fusion Tegument
fusion

Envelope
fusion

RFP-cap mRFP1-VP26
RFP-cap/GFP-env mRFP1-VP26 gD-GFP
GFP-env gD-GFP
RFP-teg/GFP-env mRFP1-VP1/2 gD-GFP
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gD-GFP in extracellular viral particles, PK15 epithelial cells
were transfected with full-length viral DNA encoding the RFP-
cap/GFP-env virus and seeded on coverslips at low density.
Viral particles subsequently released from the cells stuck to the
coverslip and accumulated, allowing for imaging of virions
without the use of potentially harmful purification procedures
(11). Individual capsid-containing viral particles were detected
by RFP emissions as diffraction-limited punctae. Emissions
from gD-GFP were observed both in association with and
distinct from capsids (Fig. 2B). GFP emissions apart from
capsids likely represent defective viral structures that are re-
ferred to as “light particles” (25) and were not examined fur-
ther in this report. GFP emissions were detected from 85.9%
(n � 468) of capsid-containing viral particles, indicating that
gD-GFP was a structural component of extracellular viral par-
ticles. Of the remaining 14.1% of capsid-containing particles,
either gD-GFP was not present or it was present at levels
below detection. We cannot currently differentiate between
these two possibilities. The distribution of fluorescent intensi-
ties of gD-GFP from virions could not be modeled by a Gaus-
sian distribution, revealing a heterogeneity in the level of struc-
tural incorporation of this viral glycoprotein (Fig. 2C and data
not shown). This finding is similar to those reported for the
structural incorporation of some tegument proteins (3, 11).

Retrograde viral transport occurs after membrane fusion
deposits capsids into the axon cytosol. Using fluorescence
time-lapse imaging, individual capsids of the RFP-cap/GFP-
env virus were tracked in axons of primary dorsal root sensory
neurons within the first hour following infection. As we have
previously described, capsids displayed bidirectional transport
with a strong bias toward retrograde motion (data not shown)
(22, 23). Anterograde motion during this stage of infection is
limited to short-lived reversals (typically �0.5 �m) from the dom-
inant retrograde motion. These transport dynamics result in effi-
cient delivery of capsids to the soma and ultimately the deposition
of viral genomes into the nucleus. Extending the study to image
both RFP and GFP fluorescence channels, we found that gD-
GFP emissions were rarely associated with capsids undergoing
retrograde transport (Fig. 3A). Of 136 capsids tracked in this
manner, only 5 produced GFP emissions (Fig. 3D). This demon-
strates, in living cells, that herpesvirus transport to the neural

soma does not occur within an endosome but, instead, capsids
recruit dynein motor complexes directly in the cytosol following
fusion of the virion envelope with the plasma or endosomal mem-
brane (4). This is consistent with at least one previous electron
microscopy study and our findings that some tegument proteins
do not travel with capsids upon entering sensory axons (11, 12).
An alternative interpretation of these results is that endocytosis
does occur but the gD-GFP fluorescence is quenched by endo-
somal acidification. However, we can rule this possibility out
based on our previous findings that GFP that has fused to either
of two tegument proteins, UL36 or VP1/2, remains fluorescent
during retrograde axonal transport following entry into sensory
neurons (11). If virions were transported in endosomes, these
tegument-GFP fusions would be equally subject to acidification as
the current gD-GFP fusion is. Therefore, the presence of actively
fluorescent GFP in the tegument, but not on a cytosolic tail of a
glycoprotein, indicates that specific removal of the glycoprotein
from the capsid occurs prior to the onset of retrograde axonal
transport. Finally, the rare instances of gD-GFP cotransport with
capsids indicate that a low level of endocytic transport occurs,
which may result from defective viral particles that fail to trigger
membrane fusion.

Anterograde viral transport occurs after capsids acquire the
gD membrane protein. We next tracked the axonal transport of
progeny viral particles following replication in the nucleus. At
this stage of infection, bidirectional axonal transport favors
anterograde motion, ultimately allowing for spread of infection
from axons to innervated tissues (22). However, bidirectional
motion is accentuated at this stage of infection such that both
anterograde and retrograde motion are processive over dis-
tances greater than 5 �m (23).

Axons of cultured dorsal root sensory neurons were imaged
from 10 to 13 h following infection with the RFP-cap/GFP-env
virus, which we previously determined to be the peak time to
observe capsids transporting from the cell body to axon termi-
nals (22). Of 181 capsids imaged in axons, 158 were undergoing
anterograde motion and 23 were moving retrograde. This fre-
quency of anterograde and retrograde motion is consistent
with previous observations (22). Unlike capsid transport im-
mediately following infection, anterograde-moving capsids
were associated with the gD membrane protein: 135 of 158

FIG. 2. Incorporation of the gD-GFP fusion protein into extracellular viral particles. (A) Western blot of purified extracellular viral particles
(RFP-cap/GFP-env virus) probed with an anti-GFP antibody. (B) Imaging of individual fluorescent viral particles released from cells transfected
with the RFP-cap/GFP-env infectious clone. RFP and GFP emissions imaged 2 days posttransfection from the same field are shown. Arrowheads
indicate gD-GFP emissions originating from RFP-capsid fusions. The apparent sizes of fluorescent particles are proportional to the brightness of
the emissions and not the physical size of the viral particles, which are smaller than the spatial resolution. The field is 19.2 �m by 14.9 �m.
(C) Histogram of gD-GFP emissions from dual-fluorescent viral particles as imaged in panel B. GFP emissions were normalized to RFP emissions
to correct for variances in the light path. Particles that lacked detectable GFP emissions were not included in the data set.
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capsids (85.4%) emitted GFP fluorescence (Fig. 3B and D).
This indicates that the acquisition of a gD-containing mem-
brane envelope occurred prior to capsid transport to the distal
axon. In addition, gD was frequently observed moving in the
anterograde direction in the absence of capsids (data not
shown). Because only 85.9% of extracellular virions emitted
sufficient gD-GFP signal for detection in our assays (see
above), the capsids moving to the distal axon were likely all
fully assembled virions traveling within vesicles. In contrast,
capsids moving retrograde during the egress phase of infection
generally lacked gD-GFP (20 of 23 total) (Fig. 3D). Thus,
processive retrograde capsid transport occurred in the absence
of the viral membrane, regardless of the phase of infection.
Anterograde transport of capsids complexed with gD was not
unique to sensory neurons. Of seven capsids recorded during
egress in axons of sympathetic neurons, all were associated
with gD-GFP emissions (Fig. 3C).

To rule out the possibility that the mRFP1-capsid fusion
may have inadvertently misdirected capsid acquisition of the
gD membrane protein, we made a recombinant virus that in-
stead encodes mRFP1 fused to the VP1/2 tegument protein.
VP1/2 is only observed in axons in association with capsids and,
thus, the mRFP1-VP1/2 fusion provides an alternative ap-
proach for detecting capsids in living cells (11). Importantly,
this virus encodes an unmodified capsid. The mRFP1-VP1/2
virus was also made to encode the gD-GFP fusion and is
referred to here as the “RFP-teg/GFP-env” virus (Table 1).
Dorsal root sensory neurons infected with the RFP-teg/GFP-
env virus reproduced the findings made with the RFP-cap/
GFP-env virus (Fig. 4A). Eleven anterograde-transporting

FIG. 3. Capsids transport with gD in the anterograde direction
only. (A to C) Example time-lapse series of alternating RFP (R) and
GFP (G) image captures are shown from left to right following infec-
tion of peripheral neurons with the RFP-cap/GFP-env virus. Frames
were captured in an axon of a sensory neuron within the first hour
postinfection, when capsids transport to the cell body (A), or following
replication in either sensory neurons (B) or sympathetic neurons (C),
when progeny capsids transport to the distal axon. A single RFP-capsid
is seen moving across the field in each montage. Frames are 2.5 �m by
9.0 �m (A) or 1.3 �m by 5.9 �m (B and C) and were captured
continuously using 50-ms exposures. (D) Summary of capsid transport
in axons of dorsal root sensory neurons as illustrated in panels A and
B. The fraction of capsids transported with (solid) or without (white)
gD is shown as a percentage of the total capsids tracked during each
stage of infection.

FIG. 4. Confirmation of the anterograde capsid/membrane com-
plex. Transport of an RFP-teg/GFP-env virus particle (A) or an RFP-
cap particle labeled with DiOC16 lipophilic dye (B) in axons of DRG
sensory neurons at 12 to 15 hpi. Frames of alternating mRFP1 (R) and
GFP (G) emissions were captured with continuous 50-ms exposures
and are shown from left to right. Frames are 1.2 �m by 7.2 �m (A) or
1.1 �m by 5.3 �m (B).
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mRFP1-VP1/2 fluorescent punctae were recorded and, of
these, nine had a clear gD-GFP signal. We also observed three
retrograde-transporting mRFP1-VP1/2 punctae, all of which
lacked detectable gD-GFP (data not shown).

Anterograde viral transport is membrane bound. To directly
assess whether egressing capsids were membrane bound, we
used the lipophilic fluorescent dye DiOC16, which can be used
to preferentially label anterograde-transporting vesicles in sen-
sory axons (1). Dorsal root sensory neurons stained with
DiOC16 were cultured for 36 h and then infected with an
RFP-cap monofluorescent virus. Axons were imaged from 10
to 13 hpi as described above. Although many axons were
brightly labeled in an apparently homogenous distribution, in-
dicative of plasma membrane staining, a few displayed dim
overall fluorescence that was punctuated by the presence of
moving fluorescent signals. Within this subset of labeled axons,
23 capsids were recorded traveling toward axon terminals. Of
these, 13 cotransported with a clear DiOC16 fluorescent signal
(Fig. 4B). The inability to detect DiOC16 emissions from all
capsids was not surprising as, even in the best cases, the dye
produced significant plasma membrane fluorescence that ob-
scured emissions originating from intracellular structures.

DISCUSSION

There are two periods of herpesvirus axonal transport dur-
ing an infection. During primary infection, viral capsids trans-
port from sites of axon innervation at the periphery to neuron
cell bodies deep inside sensory ganglia (retrograde transport).
Following replication in the sensory ganglia, newly assembled
capsids made in infected neurons move back to the periphery
(anterograde transport) and ultimately result in spread of in-
fection to new hosts. In between these two steps, viral genomes
in neuronal nuclei may remain in an inactive latent state for an
extended time.

The mechanisms by which herpesviruses move intracellularly
have yet to be fully elucidated. Moreover, how viral particles
are targeted to opposing ends of an axon at different times
during an infection is equally unclear. Although the viral gene
expression that ensues after retrograde delivery of viral parti-
cles to the nucleus could alter the neuron, such that axonal
transport becomes globally anterograde directed, this does not
appear to be the case. In infected neurons in which progeny
viral particles are actively being delivered to the distal axon,
retrograde transport of newly infecting virions can proceed
normally under conditions where the block to superinfection is
removed (23). As such, factors are expected to be present on
the surface of capsids that provide the cues for retrograde and
anterograde targeting. In support of this model, retrograde-
and anterograde-targeted viral particles differ in protein com-
position (11).

Upon infecting a neuron, the membrane envelope of a her-
pesvirus virion fuses with the axon plasma membrane, and the
capsid and tegument proteins within the virion are deposited
into the cytosol (12, 23). In this partially disassembled state the
capsid, associated with at least two tegument proteins, is effi-
ciently trafficked to the cell body of the neuron (11). The loss
of the gD membrane protein from the capsid, reported here, is
consistent with the capsid/tegument complex undergoing ret-
rograde transport while in the cytosol (12, 13, 23).

We found that transport is reversed to anterograde motion
after progeny capsids acquire a membrane envelope, as indi-
cated by the presence of both the gD membrane protein and
membrane lipids with these capsids. Because 	85% of newly
released extracellular virions had detectable levels of gD, we
would similarly expect to see a maximum of 85% of intracel-
lular capsids associated with gD if all were membrane bound.
Because this was, in fact, observed for progeny capsids under-
going anterograde motion, we suggest that capsids do not par-
ticipate in anterograde transport in the absence of a membrane
envelope. In support of this conclusion, progeny capsids lack-
ing envelopes consistently were mistargeted back to the cell
body, and this retrograde transport was indistinguishable to
that normally seen following viral entry (23).

These results indicate that the virus may not encode a pro-
tein that affects anterograde transport directly but rather buds
into and rides within a host transport vesicle to reach the distal
axon. Whether the virus encodes a membrane-associated pro-
tein that recruits a kinesin-type motor to the vesicle will re-
quire further studies, but such an interaction may not be nec-
essary if capsids bud into vesicles already destined for the axon
terminal. We should stress that we have no reason to believe
that gD is an effector of anterograde motion, but rather that it
serves simply as a marker for the virion membrane envelope in
this study.

These live-cell studies address a long-standing controversy
of where herpesvirus membrane acquisition occurs within in-
fected neurons (2, 5, 7, 8, 13, 15–17, 26). While these studies
collectively used several approaches to inspect if envelopment
occurs before or after anterograde axonal transport, all assays
employed static imaging of fixed cells. It is perhaps not sur-
prising that the interpretation of a dynamic process, such as
viral assembly or intracellular transport, from static images can
lead to dissimilar conclusions. However, we also recognize that
live-cell studies can be plagued by the mutagenic potential of
fusing the coding sequence of a fluorescent protein to a viral
gene. Importantly, the recombinant viruses used in this study
all propagated with wild-type kinetics. In addition, alternative
fluorescent markers for the capsid and membrane envelope
were used, and all results were consistent: herpesvirus capsids
become enveloped prior to the onset of anterograde axonal
transport. More significantly, the data demonstrate that her-
pesvirus assembly and disassembly actively target the intracel-
lular transport of capsids within cells. These results extend, and
in part explain, our previous findings that herpesvirus tegu-
ment proteins differentially associate with capsids undergoing
axonal transport: all tegument proteins previously examined
were found to transport with capsids in the anterograde direc-
tion, which in hindsight is not surprising, given that these
particles are in fact fully assembled enveloped virions (11).
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